Summary: Lipoblastoma is a rare benign tumor of adipose tissue seen almost always in infancy and early childhood. Lipoblastoma is present in 2 forms which are pathologically identical: circumscribed and diffuse. It is typically located in the extremities, and less frequently in head-neck region, trunk, and various organs. Lipoblastoma is a tumor with good prognosis with no reported metastases, despite its potential for local invasion and rapid growth. Our patient was a 3-month-old boy who was brought to our clinic for rapidly growing mass in the right hemithorax. With the aim of both diagnosis and treatment, the lipomatous mass was removed by local resection. In addition to the patient's age, histologic and cytogenetic analyses assisted the diagnosis of diffuse lipoblastoma. In the postoperative period, the thorax wall was unaffected, and after 6 years of follow-up no recurrence was observed. In the English literature, 8 cases of thoracic wall lipoblastoma have been previously reported, and only 3 of diffuse form. Here, we report, at our knowledge, the fourth case of thoracic diffuse lipoblastoma, in which cytogenetic analysis showed a previously undescribed karyotype aberration involving chromosomes 8, 13, and 16.
L ipoblastoma is a rare benign mesenchymal tumor of the embryonic white fat tissue. 1, 2 Tumors of adipose tissue in children comprise approximately 6% of all soft tissue neoplasms of which lipoblastoma represents 5% to 30% of them. 1, 2 Although it does occur in adults, 3 lipoblastoma is confined almost exclusively in infancy and early childhood, with 75% and 90% of cases in children being under 1 and 3 years old, respectively. [4] [5] [6] [7] [8] Histologically, lipoblastoma is characterized by fat lobules with varying degrees of maturity, multivacuolated lipoblasts, fibrocapillary networks, and myxoid stroma. 1, 2, 4, 5 Lipoblastoma is present in 2 forms which are pathologically identical: circumscribed and diffuse. The laterally, localized, capsular, well-circumscribed type is called lipoblastoma, whereas the deeply embedded, irregularly confined, noncapsulating, multicentric type with the tendency to infiltrate adjacent soft tissues is referred as lipoblastomatosis. 1, 2, 4 In the largest serial research ever carried out, it was reported that the restricted form accounted for 66% of the cases. 4 Lipoblastoma has the capacity of growing rapidly and causing local invasion, but it does not generally lead to distant metastasis. 1, 2 Although operative treatment is essential, lipoblastoma usually has a good prognosis. 1, 2 In the English literature, fewer than 180 cases of lipoblastoma are reported since its first description. 9 Most of them involve the extremities, [4] [5] [6] [7] but other locations such as the trunk, face, neck, mesentery, retroperitoneum, and various organs have been described. [10] [11] [12] [13] [14] Up-to-date, there are a dozen reports describing intrathoracic and extrathoracic involvement. 5, 6, 8, [15] [16] [17] [18] [19] [20] [21] [22] We report an unusual case of thoracic wall lipoblastoma in a 3-month-old boy, in which cytogenetic analysis firstly showed large rearrangements of chromosomes 8, 13, and 16.
CASE REPORT
An asymptomatic 3-month-old boy was referred by a pediatrician with a history of the sudden onset of a painless thoracic swelling (Fig. 1A) . Gestational, birth, development, and medical history were unremarkable. Clinical examination revealed a soft, apparently fluctuant, and transilluminable swelling over the right sixth to seventh ribs in the anterior armpit line. No other skin or musculoskeletal abnormality was found. Ultrasonographic examination revealed a noncystic lesion of varying echogenicity measuring 5.0 Â 10.0 Â 15.0 mm, and a provisional diagnosis of lipoma/lymphangioma was made.
As the swelling did not remained static, the child was reviewed in 1 month. At 4 month of age, the soft, localized, and fluctuant swelling had enlarged with normal overlying epidermis (Fig. 1B) . Repeat ultrasonography showed expansion to 15.0 Â 35.0 Â 40.0 mm. No involvement of liver, spleen, or local lymph nodes was detected. Thus, we opted for watchful waiting.
The asymptomatic patient was referred for a surgical opinion, at which time the clinical picture was changed 4 months after the initial presentation. The soft mass had rapidly enlarged becoming persistent to deep tissues extending over the right fifth to ninth ribs (Fig. 1C) . Surgical intervention was now deemed appropriate. With the diagnosis of mesenchymal tumor based on examination of the frozen section during the operation, the tumor mass was completely removed by surgical resection from thoracic cage. The lipomatous mass abutted normal dermis superficially and normal superficial fascia deeply. No compression or atrophy of ribs or deep muscles was apparently observed, whereas the lack of any histiocytic and inflammatory infiltrates ruled out fat atrophy.
The white-tan specimen consisted of tissue-embedding, noncapsulating, lobulated fatty mass 50.0 Â 80.0 Â 100.0 mm. The diagnosis of lipoblastoma was based primarily on its histologic features, including well-defined lobules delineated by fibrous septa, numerous lipoblasts at various developmental stages and central concentration of mature adipocytes within lobules, focal rather than abundant mucinous pools, and pleomorphism ( Figs. 2A-C) .
According to the International System for Human Cytogenetic Nomenclature, 23 the complex karyotype of lipoblastoma tissues was 46XY,r(8),del13q12, À 16+der16(16;8) (q22,q24q11.2)/46XY. There was no detectable rearrangement of chromosome 12, and in particular no 12q14Bq15 amplification. Furthermore, a constitutional karyotype of the patient was performed from peripheral blood lymphocytes according to standard procedures, and it did not reveal any chromosomal abnormality (ie, 46,XY).
The child's postoperative recovery was uneventful. The patient has been followed for 6 years with no evidence of recurrence. The informed and written consent of both patient's parents were obtained before submission for publication of this case report.
Cytogenetic Analysis
Fresh randomly chosen fragments were taken from the tumor and submitted for cytogenetic analysis. Tissue fragments were rinsed with Hank balanced salt solution without calcium and magnesium (Euroclone, Pero, Italy), minced and enzymatically disaggregated with collagenase (Sigma-Aldrich, Milan, Italy) at a final concentration of 1 mg/mL at 371C overnight. Disaggregated cells were collected and suspended in RPMI-1640 (Gibco, Milan, Italy) supplemented with 20% fetal calf serum, L-glutamine and 0.2% penicillin/streptomycin (Sigma-Aldrich, Milan, Italy). The cultures were incubated at 371C in a 5% CO 2 atmosphere for 7 to 10 days in 35 mm diameter Petri dishes. Flask cultures of small no-disaggregated tumor pieces were also included. Colcemid (Irvine Scientific, Pero, Italy) was added to each dishes at final concentration of 0.05 mg/mL 3 hours before hypotonic treatment with 0.0075 M KCL for 20 minutes followed by 3 changes of fixative methanol/acetic acid 3:1. Methaphases were Q-banded and chromosomal aberration described according to the International System for Human Cytogenetic Nomenclature. 23 
DISCUSSION
The term lipoblastoma was first used by Jaffe 9 in 1926 to refer to a tumor of immature fat cells. It was not consistently applied to the benign embryonal adipose tumors that now bear its name until Chung and Enzinger 4 established the initial morphologic criteria for its diagnosis in 1973. In doing so, they expanded on the descriptions provided by Vellios et al 18 in 1958 in their reports on the diffuse form of the tumor.
The exact pathogenesis of lipoblastoma has not been well established. It was suggested a close relationship of lipoblastoma to human fetal white adipose tissue. 1, 2, 9 Indeed, ultrastructural and immunohistochemical analyses show lipoblastoma to be related more to developing white fat than brown fat. 24, 25 Furthermore, lipoblastoma has been reported to have a predilection for sites that possess the most primitive adipose tissue in the newborn such as viz, axilla, neck, chest wall, and prevertebral soft tissue.
1,2 However, from reported literature, 80% seem to occur in the extremities with 30% located in the upper extremity (axilla, shoulder, upper arm, elbow, and hand) and 50% in the lower extremity (buttocks, groin, thigh, and lower leg), the remaining 20% occurring commonly in the neck and the trunk. [4] [5] [6] [7] [8] On the contrast, intrathoracic and/or extrathoracic location is extremely uncommon. Although lipoblastoma occurring pericardium, parietal pleura, mediastinum, and pulmonary parenchyma have been reported in the English literature, [20] [21] [22] whereas the chest wall involvement is rare. To our knowledge, only 8 cases have been reported to arise from chest wall. 5, 6, 8, [15] [16] [17] [18] [19] Here, we reported the fourth case of thoracic diffuse lipoblastoma occurring in a 3-month-old boy. 6, 18, 19 Despite their infrequent occurrence in the overall population, lipoblastoma represents more than 15% of all benign soft-tissue neoplasms in infancy and early childhood. 1, 2 Although most lipoblastomas present in children who are younger than 3 years of age, congenital cases occur rarely. 4, 5, 19 Furthermore, there are few case-reports in adult. 3 The age range of the 9 thorax wall lipoblastomas (including current case) is from 1 day (congenital) to 3 years. 5, 6, 8, [15] [16] [17] [18] [19] Although it has been reported a male preponderance, 4, 5 Samuel et al 8 found no sex predilection, after reviewing published 135 cases of lipoblastoma. The tumor has no preference for any racial group and there are no known associations with specific hereditary, endocrine pattern, malformations or syndromes. 8 Up-to-date, 4 male (including current case) and 5 female patients affected by thoracic chest lipoblastoma are reported. 5, 6, 8, [15] [16] [17] [18] [19] The maximum diameter of the tumors varied from 40.0 to 12.0 cm, and 3 cases extended to involve hemithorax and/or mediastinum. 8, 15, 16 Although circumscribed lipoblastoma was approximately twice as common diffuse type in the largest series, 4-7 circumscribed/diffuse variant ratio is actually 4:5 regarding the thoracic chest location.
Most of the patients are asymptomatic at the time of initial diagnosis. The local invasion and rapid disproportionate growth can result in destructive, mechanical, or disfiguring effects. However, the typicalalmost exclusive-presentation of lipoblastoma as described in the literature is that of a painless soft-tissue mass, with or without progressive enlargement and with or without mass-effect symptoms when located near vital structures. [4] [5] [6] [7] [8] When symptoms are present, they are provoked by size and location of the mass. 4, 5, 26 For example, those located in the thorax and in the neck may lead to respiratory problems. 11 In our patient, diffuse lipoblastoma arose in the chest wall and it presented almost exclusively as a painless, tender growing mass.
According to the World Health Organization classification of adipocytic tumors, 1,2 lipoblastoma is referred to tumor with cells resembling fetal fat, which are characterized by the proliferation of mature and immature fat cells with mesenchymal precursors and lipoblasts at varied stages of differentiation. Small lobules of mature and immature fat cells are separated by fibrous trabeculae with or without a myxoid stroma, which contains blood vessels. The diffuse variant shows a lesspronounced lobular pattern. 1, 2, 4 Benign lipoblastomas often display a prominent plexiform vascular network, but also show progressive accumulation of fat by cells located away from the vasculature. 25 Pleomorphism and cytologic atypia are lacking, and mitotic figures, when present, should be scant and organized in a normal manner. 4, 5, 7 In our patient, there was no doubt regarding diagnosis of diffuse lipoblastoma by combining histologic and clinical feature (ie, deeply embedded spread noted during surgery).
Other fat tissue tumors also have histologic similarities to lipoblastoma. Lipoma, fibrolipoma, and angiolipoma have lobules with fibrous septa but lack of lipoblasts.
2 Hibernoma also displays a lobular pattern but consists entirely of brown fat cells with eosinophilic, granular cytoplasm. 2 Nevertheless, the most important clinical aspect in accurate recognition of lipoblastoma lies in distinction from liposarcoma, especially its myxoid variant. 1, 2 Histologically, this could be difficult. Helpful clues include a lack of lobulation, variable growth pattern, and increased nuclear atypia in liposarcoma. 7, 24 It has been observed that, in lipoblastoma as well as in a myxoid liposarcoma, the lipogenesis and the structural features of the neoplastic cells resemble those of developing non-neoplastic adipose tissue. 2, 24, 25 Although, in the large majority of cases, the presence of marked lobulated arrangement of the maturing lipoblasts prompts the diagnosis of a lipoblastoma, there are occasional cases where the appearances are very similar to malignant myxoid liposarcoma. The more mature adipocytes are concentrated in the central portion of the lobule in lipoblastoma, surrounded by immature fat cells, myxoid and stellate mesenchymal cells. 1, 24 On the contrary, mature cells instead are concentrated in periphery of the lobule in liposarcoma. 2 Hemorrhage and focal areas of necrosis are possible, but the lack of atypical nuclei and hyperchromatism help to distinguish lipoblastoma from its malignant mimickers, such as myxoid liposarcoma. 4, 7, 24 Although the differential diagnostic considerations depend on the lesion appearance, the combination of the patient's age and the tumor histology will aid in differentiating difficult case. 2 Indeed, liposarcoma in patients younger than 10 years is exceedingly rare, whereas young age at diagnosis is characteristic of lipoblastoma.
1,2,4,7 However, patient age is not a definitive factor that can be used to differentiate liposarcoma from lipoblastoma. Therefore, the differential diagnosis of these lipomatous tumors in somewhat older patients may be problematic in adolescent age at the ''borderline'' to adulthood. 7 In such cases additional molecular cytogenetic analyses help in making an accurate diagnosis of lipomatous lesions because most adipocytic tumors show characteristic chromosomal rearrangements. On the other hand, cytogenetic analysis is rarely needed to differentiate lipoblastoma from liposarcoma.
Recent cytogenetic analysis revealed specific chromosomal abnormalities in adipose tissue tumors. In atypical lipomatous tumors/well-differentiated liposarcoma, characteristic supernumerary ring and/or giant marker chromosomes can be found with amplified sequences of chromosomal region 12q14Bq15. 2, 27 Typical chromosomal translocations of myxoid/round cell liposarcomas are (12;16)(q13;p11) or (12;22)(q13;q12). 27 Most ordinary lipomas having an abnormal karyotype present translocations or inversions that involve the 12q15 region to a variety of chromosomal partners, and less common abnormalities of 6p, 13q, 11q13, or 12q13. 1, 2 Chromosomal rearrangements affecting 11q13 often occur in hibernomas. 2 Most of lipoblastomas have chromosomal rearrangements of 8q11-8q24 region, with smaller numbers having polysomy for chromosome 8. 28, 29 Many other chromosomal abnormalities have been reported; however, 7p22 is the only other recurrent chromosomal region involved in lipoblastoma.
1 Interestingly, rearrangement of chromosome 8 is rarely found in liposarcomas and in ordinary lipomas. 2 Thus, only 13% of lipoblastomas do not exhibit aberrations of chromosome 8, and these wellknown chromosomal abnormal findings can therefore be used in differential diagnosis of lipomatous tumors. 1 Although several clinical or radiologic reports of lipoblastoma have appeared in the literature, they did not include chromosomal analyses. Table 1 showed lipoblastoma karyotype data actually available. Furthermore, cytogenetic data about thoracic lipoblastoma are scarce. To our knowledge, only 1 case of thoracic circumscribed lipoblastoma was investigated at the chromosomal level showing long arm deletion of chromosome 8. 8 In this thoracic diffuse lipoblastoma, we described a novel complex karyotype involving large rearrangements of chromosomes 8, 13, and 16. Chromosome 8 rearrangement without none of the other known genetic alterations (eg, in region 12q14Bq15) supports the clinical and histologic diagnosis of lipoblastoma (vs. lipomas or liposarcomas).
In lipoblastomas, rearrangements of chromosomal region 8q12 occur involving the pleomorphic adenoma 1 (PLAG1) oncogene. 28, 30 This gene encodes a zinc finger transcription factor. 30 In lipoblastoma, PLAG1 transcription is up-regulated by varied genomic rearrangements in pluripotent mesenchymal stem cells, leading to overproliferation and to delayed differentiation. 30 The frequency of PLAG1 gene alterations in lipoblastoma is 87%, including a PLAG1 gene rearrangement in 69% and polysomy (trisomy) of chromosome 8 in 18%. 28 Therefore, overexpression of PLAG1 is thought to represent the primary transforming event of lipoblastoma. 28, 30 Although the understanding of molecular pathogenesis continues to progress, the natural history of undisturbed lipoblastoma remains elusive. Although Mognato et al 31 described a case of diffuse lipoblastoma underwent to spontaneous involution, the treatment of lipoblastoma is unequivocally surgical. With its tendency to grow to large proportions and to local invasion, the authors of every large report recommended a complete surgical excision with tumor-free margins. 4, 7, 32 However, a radical operation is not necessary and may be mutilating, especially in children. 4, 7, 32 Only Gulhan et al 15 and Chang et al 19 removed a thoracic mass with a large excision including the seventh to ninth ribs together parietal pleura for localized and diffuse lipoblastoma, respectively. In our case, the lesion showed a dramatic growth pattern in the extrathoracic region though not involving ribs and intercostal muscles, and thus, we treated it by local excision such as was done by Samuel et al. 8 Regarding the morbidity, the prognosis in the lipoblastoma is excellent, despite their potential for local recurrence. Indeed, local recurrences have a reported incidence of 14% to 33% in the literature, 4-8 especially in deeply seated and infiltrative types of lipoblastoma, where total excision without destroying major structures is difficult. Because recurrence occurs more often in the diffuse form, the circumscribed lipoblastoma has a slightly better prognosis. [4] [5] [6] [7] [8] On confirmation of diffuse lipoblastoma, the operative site should be followed up clinically for at least 3 years. One case involving the neck and 1 case involving the leg presented recurrence up to 37 and to 84 months, respectively. 6 In this view, our patient has been followed for 6 years with no evidence of recurrence.
Although the recurrent rate was reported to be quite high, probably attributable to incomplete removal, 1, 4, 8 Vellios et al 18 described a case of anterior chest wall lipoblastoma which did not recur in a 30-month period, even though tumor was not completely removed. Moreover, lipoblastoma is a benign tumor with no risk of metastasis, and 1 case of spontaneous resolution has been reported. 31 Even incompletely resected, the residual lesions will not harm the patient if they remain stationary. In addition, some recurrences appear to have matured into typical lipomas or fibrolipomas by the time of repeat biopsy or excision. 4, 5, 26 Indeed, in cases of difficult-to-resect such as myofascially infiltrating lipoblastoma, the therapeutic options include watchful waiting. 31 On the other hand, we could proceed with a more conservative partial resection and continued clinical follow-up. If there is rapid growth of the residual lesion, a second surgery will be considered.
